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Introduction 45
Maize is economically one of the most important crops in Mesoamerica, and it has a role in 46 the cultural and social identity of people (Sweeney, Steigerwald, Davenport, & Eakin, 2013) . 47 M A N U S C R I P T
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Microbial counts were determined by the plate count method. Sample (25g) was 120 homogenized with 0.1% peptone water (225ml) and 10-fold dilution series were prepared. 121
Aerobic mesophilic microbes (Plate Count Agar, LabM) and Enterobacteriaceae (Violet Red 122 Bile Glucose Agar, LabM) were incubated at 37°C for 24h, LAB (MRS), yeasts and molds 123 (Potato Dextrose Agar, LabM) at 30°C for 48h, all colonies counted and microbial counts 124 (log cfu g -1 ) calculated. For each sampling time, 5-10 single colonies were randomly picked 125 from MRS plates and sub-cultured for further analysis. Presumptive LAB or Gram-positive 126 (Gregersen, 1978) and catalase negative bacteria (determined by transferring 359 fresh 127 colonies from a Petri dish to a glass slide and adding H 2 O 2 3%, v/v) were purified by 128 successive sub-culturing to MRS plates. Purified isolates were stored at -70ºC in MRS broth 129 supplemented with 20% (w/v) glycerol. 130
Molecular identification and clustering 131
Genomic DNA was extracted with Nucleo ® Tissue Kit (Macherey-Nagel, Düren, Germany) 132 using Support protocol for bacteria. The genetic diversity of 359 isolates was analyzed by 133
Random Amplification of Polymorphic DNA (RAPD-PCR) (Plumed-Ferrer, Uusikylä, 134 Korhonen, & von Wright, 2013) with primers P2 (5´-GAT CGG ACG G-3´), P16 (5´-TCG 135 CCA GCC A-3´) and P17 (5´-CAG ACA AGC C-3´) (Samarzija, Sikora, Redzepovic, 136 Antunac, & Havranek, 2002) . The RAPD fingerprints recorded as digitalized images were 137 converted, normalized, analyzed and combined using the softwares available at the 138 corresponding laboratories: GELCOMPAR II (Applied Maths, Version 6.5, Sint-Martens-139 Latem, Belgium) for isolates recovered from batch 1 and 2, and the BioNumerics (Applied 140 isolates, primers 27f (5´-AGA GTT TGA TCC TGG CTC AG-3´) and 685r (5´-TCT ACG 146
CAT TTC ACC GCT AC-3´) were used to obtain a fragment of approx. 650 bp (Plumed-147 Ferrer et al., 2013) . PCR products were purified with NucleoSpin ® Extract II kit (Macherey-148 Nagel) prior to sequencing (LGC Genomics GmbH, Berlin, Germany). The identification of 149 isolates was obtained through the GenBank DNA database using the BLAST algorithm 150 (http://www.ncbi.nlm.mnih.gov). Sequences showing at least 99% similarity levels were 151 accepted. The sequences of 16S rRNA gene amplicons were deposited in the GenBank 152 database under accession numbers KX216704-KX216731. For batch 3, genomic DNA of 153 selected isolates in each cluster was used for amplification of the almost full-length 16S 154 rRNA gene fragment using the primers 616Valt and 630R as previously described 155 (Elizaquível et al., 2015) . The 16S rDNA sequences were used for the calculation of pairwise 156 sequence similarity using global alignment algorithm, which was implemented at the 157 EzTaxon server (http://www.eztaxon.org/) (Chun et al., 2007) . 158
Characterization of lactic acid bacteria 159
Production of folate 160
Extracellular and intracellular folate production was determined according to Laiño, LeBlanc, 161 & Savoy de Giori (2012) . L. rhamnosus CECT 278
T was used as an indicator strain. Folate 162 concentrations were expressed as mg l -1 of folic acid (Sigma-Aldrich, Madrid, España). All 163 LAB characterization assays were performed in triplicate. 164
Degradation of phytates 165
Phytate degrading activity was screened as described by Anastasio et al. (2010) and 166 quantified according to Kikunaga, Takahashi, & Katoh (1991) .
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Exopolysaccharide production 168
EPS production was screened in MRS Agar supplemented with 2% of glucose, lactose, 169 maltose, raffinose or sucrose (Bounaix et al., 2009) . Strains with ropy colonies were 170 considered as EPS producers. L. plantarum Q8212, Q825 and Q823 were used as positive 171 controls. 172
Amylolytic activity 173
Amylolytic activity was screened according to Yousif et al. (2005) 
Antimicrobial activity 191
The antimicrobial activity was screened using well diffusion assay (Nikoskelainen, Salminen, 192 Bylund, & Ouwehand, 2001 
Acidification and growth properties 201
Acidification and growth properties were determined according to Alfonzo et al. (2013) with 202 minor modifications. A sterile 5 % (w/v) maize-water slurry (Risenta, Sweden) was 203 inoculated and incubated (72h, 30°C). pH (SCHOTT, CG 842 pH meter, Germany) and 204 microbial counts (serial dilutions on MRS) were determined at 0, 2, 4, 6, 8, 10, 12, 24, 48 and 205 72h. 206 
Results 207
Characterization of spontaneous fermentation 208
The fermentation process of atole agrio was variable. This was indicated by the high standard 209 deviations obtained from three replicate manufacturing processes (Table 1) . No clear 210 differences in the development of microbiota between liquid and solid state fermentation 211 were observed. LAB, yeasts and molds were the dominant microbial groups. The initial 212 counts of LAB depended highly on raw materials leading to 9.1±0.9 (liquid) and 10.2±1.3 log 213 cfu g -1 (solid state fermentation), respectively. The counts of aerobic mesophilic microbes 214 M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 9 followed the LAB counts (final counts 9.1±0.7 for liquid and 9.6±0.3 log cfu g -1 for solid 215 state fermentation). 216
The pH value decreased from 7.0±0.7 and 6.9±0.5 to 4.7±0.5 and 4.4±0.2 in liquid and solid 217 state fermentations, respectively, but the rate of decrease was not constant. (pH 218 measurements were not performed for the grain, dough, and end products.) Levels of 219
Enterobacteriaceae remained stable (7-9 log cfu g -1 ) or decreased slightly. In the end 220 products, discernible levels of aerobic mesophiles, LAB, yeasts, molds and 221
Enterobacteriaceae were encountered even after the boiling step, particularly in products 222 obtained by the liquid fermentation (Table 1) . 223
Molecular identification and clustering 224
Altogether 359 LAB isolates were recovered from atole agrio fermentations that were 225 taxonomically identified according to RAPD clustering and partial sequencing of the 16S 226 rRNA gene (Illustration of RAPD-PCR patterns of batch 2 isolates is presented in Appendix 227 B). Weissella (29.2%), Pediococcus (pentosaceus) (24.0%), Lactococcus (lactis) (17.8%) and 228
Lactobacillus (16.4%) were the most abundant LAB genera in atole agrio fermentations 229 ( Lactobacillus species. Leuconostoc (6.7%) and Enterococcus (5.8%) were also identified. 232
Based on RAPD profiles and species diversity, 88 isolates were selected for further 233 biotechnological characterization. 234
Characterization of lactic acid bacteria 235
Of the 88 LAB strains studied, the majority produced folate (Table 3) . L. plantarum and W. 236 confusa were the most efficient producers of intracellular and L. plantarum and Lc. lactis of 237 extracellular folate. All studied LAB species included phytase active strains, but the ability of 238 degrade phytates varied greatly within species. Activity was mainly (72.7%) intracellular 239 M A N U S C R I P T (Table 3) . Sucrose induced EPS production in 38.6% of strains (Table 4) shown). The cell free supernatants at pH 4 showed antimicrobial activities, while none was 255 observed with supernatants at pH 7 (data not shown). All starter candidates decreased the pH 256 of maize-water slurry below 5.0 after 6h (Fig. 2) . The best acidification and growth properties 257 were obtained with Lc. lactis during the 72h fermentation. 258
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Discussion 259
The aim of this study was to identify and characterize the LAB microbiota of atole agrio and 260 to evaluate, whether promising starters could be obtained. The spontaneous fermentation of 261 atole agrio proved to be variable depending on the manufacturing process (Table 1) . This is 262 most likely due to the variation in endogenous microbes present in raw materials and in the 263 manufacturing environment. The pH value decreased in all fermentation processes at a rate 264 M A N U S C R I P T
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11 similar to other reported maize-based fermented products (Castillo-Morales et al., 2005; 265 Elizaquível et al., 2015) , but displaying great differences between replicate fermentations. 266
The LAB counts in both liquid and solid state fermentation increased during the 267 manufacturing process (Table 1 ). The concentrations of LAB, yeasts and molds were similar 268 to or higher than those observed in other fermented maize-products (Teniola & Odunfa, 2001; 269 Wacher et al., 2000) . LAB were the dominant microbial group, but the microbial counts and 270 metabolic activity of LAB were not sufficient to prevent the growth of Enterobacteriaceae 271 ( African fermented maize products (Ampe & Miambi, 2000; Elizaquível et al., 2015; M A N U S C R I P T
Hounhouigan, Nout, Nago, Houben, & Roumbouts, 1993) . In our study the isolation of LAB 290 was done from MRS plates (preferentially selecting rod-shaped LAB). It is unknown, 291 whether, for example, M17 medium would have recovered more coccoid LAB species. 292
The production of folate and phytase activity were screened to obtain starters that could 293 enhance the nutritional value of fermented products. reported as the major EPS producers similarly to our study (Manini et al., 2016) . Amylolytic 301 activity has been observed in S. infantarius from pozol and in Lactobacillus strains isolated 302 from fermented products (Díaz-Ruiz, Guyot, Ruiz-Teran, Morlon-Guyot, & Wacher, 2003; 303 Reddy, Altaf, Naveena, Venkateshwar, & Kumar, 2008) . Also in our study, some LAB 304 strains possessed amylolytic activity. While mature maize is used to make pozol and other 305 fermented foods, tender maize ("de dobla"), which contains more simple carbohydrates, is 306 used to prepare atole agrio. This may be the reason for the limited occurrence of amylolytic 307 LAB within this product. 308
The antibiotic resistance of atole agrio LAB was high and specially in Weissella (Table 4, (Table 3, Table 4 ). In our study, the antimicrobial activities were apparently 321 based on the acidic environment induced by LAB ( 
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Conclusions 339
The identification and characterization of LAB microbiota present in atole agrio is reported 340 in this work. This research gives valuable information regarding LAB indigenous microbiota. 341
Since the microbial densities varied greatly within atole agrio fermentations, and 342
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